Ideally, this review would be based on case studies of benefits and costs of programs to counter anemia. Unfortunately, no such systematic data exist. But a large variety of studies can be used to construct a picture of the benefits and costs of anemia programs, and they form the basis of this article. The next section will discuss the treatment of anemia. The third and fourth sections will develop the types of benefits and costs associated with reducing anemia. The fifth section will discuss methods of calculating benefits. The sixth section develops specific calculations for costs and benefits in three countries-Indonesia, Mexico, and Kenya. The final section will draw policy implications from these results.
Treatment
The World Health Organization (WHO) has defined the following of Anemia levels of Hb concentration in grams a deciliter below which anemia is likely to be present: children 6 months to 6 years, 11; children 6 to 14 years, 12; men, 13; women who are not pregnant, 12; and women who are pregnant, 11 (WHO 1968) . However, these are general indicators of anemia rather than precise criteria. Iron requirements also vary among individuals and groups. The daily intake of iron needed to maintain homeostasis is estimated to range from 0.7 mg for infants and 0.9 mg for men to about 3.0 mg for women in the second half of pregnancy (Baker and DeMaeyer 1979) .
Anemia is a serious nutritional problem around the world, but especially in the tropics (Fleming 1977 and Masawe 1981; Woodruff 1972 and . Pregnant, lactating, and premenopausal women are most at risk, but there are high incidences of anemia among other populations as well (Royston 1982) . A summary of studies of the incidence of anemia around the world shows that as much as 80-90 percent of the population is affected in some regions (see Annex Table 1 ).
Although anemia can be caused by nutritional deficiencies, disease, and excessive blood loss, this article concentrates on its leading cause, inadequate intake of usable iron. Both the amount and the form of iron eaten are important. Heme sources of iron (meat, fish, and poultry) are not only high in iron content, they are also easily absorbed and they assist the absorption of iron from nonheme sources such as the cereals that compose the staple diet for most of the world (INACG 1982) . Ascorbic acid is also a valuable source for increasing the absorption of iron (Hallberg 1981) .
Antianemia programs take two forms: supplementation and fortification (Baker and DeMaeyer 1979) . Supplementation involves providing extra iron in medicinal form, either orally or by injection. Fortification involves adding nutrients to foods to maintain or improve the quality of a diet. A standard supplementation for adults is 120-200 mg a day of ferrous sulphate or ferrous fumarate, and rather less for infants and children (Callender 1982) . Ferrous sulphate is one of the cheapest of all nutritional supplements, costing only 68 cents a kilogram in 1977. Other iron compounds are from two to seventeen times more expensive, after adjusting for bioavailability (INACG 1977; Bothwell and Charlton 1981) . Although costs are still relatively low, they have risen by about 30 percent since 1977. Adding ascorbic acid to increase iron absorption from meals is expensive: in 1982 both stabilized and unstabilized ascorbic acid cost between $10 and $11 a kilogram (INACG 1982) . According to Bothwell and Charlton (1982) , the addition of 200 mg or more of ascorbic acid increases iron absorption by at least 30 percent.
In some cases, particularly for pregnant women, folate deficiency is also a cause of anemia, often in conjunction with iron deficiency. WHO has recommended that pregnant women with folate deficiencies should receive 2.5 to 4.0 mg of folic acid a day as a supplement (INACG 1977) . The cost to UNICEF of tablets containing 60 mg of elemental iron in the form of iron sulphate and 0.5 mg of folate was about $1.00 a thousand in 1981; the folate added only about 2 percent to total cost (DeMaeyer 1981) .
With dietary supplementation, the main difficulty is to persuade people to take iron regularly for the full period. Dietary fortification is simpler, because it does not require people to change their behavior. However, the real issue is what is the right type of food to fortify. WHO has set out the following criteria for fortified food (Baker and DeMaeyer 1979; WHO 1975): * It is consumed by the vast majority of the target population and in adequate amounts. * It can be fortified on a large scale and at relatively few centers, so the fortification can be adequately supervised. e It is stable under the extreme conditions likely to be encountered in storage and distribution. * It remains palatable, even when it is mixed with other food.
The ideal food for fortification may vary from country to country, and perhaps even from region to region. In industrial countries such as the United States and Sweden, wheat flour is commonly fortified: in the United States such enrichment has taken place since 1941. In developing countries, the more common vehicles are salt, sugar, infant foods, and skimmed milk (WHO 1975) . Fortification can be done with iron compounds or ascorbic acid. Salt fortified with ascorbic acid doubles or even quadruples the absorption of the intrinsic iron in maize porridge or rice (WHO 1975) . Even small amounts of ascorbic acid-such as adding 25 mg to a simple maize meal-tripled the absorption of iron, and 200 mg increased iron absorption sixfold (Hallberg 1981) . Derman and others (1977) found that fortifying sugar with an extra 50 mg of ascorbic acid increased ninefold the absorption of iron from maize-meal porridge. When initial levels of hemoglobin are low, iron supplementation is associated with big rises in hemoglobin, of the order of 60-100 percent. Even relatively short periods of iron supplementation-two to three months-can be effective. However, some dietary fortification would probably be needed to sustain these gains.
Among studies of fortification, an Indian study added iron to salt, and one for Mauritius used wheat flour baked into bread. The Indian study covered three sites and several population groups. The largest rises in Hb occurred among people with the worst anemia. For example, the Calcutta women with mean initial Hb of 8.5 showed a 35 percent increase to 11.5, while the men in the Calcutta sample boosted their Hb levels from 9.7 to 12.8 after a year. Changes were considerably smaller at the two other sites where the prevalence of anemiaand especially severe anemia-was smaller to begin with. A summary of iron interventions and changes in Hb is found in Annex Table 2 .
Benefits
Some of the benefits of reducing anemia are hard to identify-for of Anemia example, a reduction in infection-and others are hard to quantify-
Reduction
for example, a feeling of greater well-being. This section will focus on a quantifiable benefit from the relation between anemia and productivity, although the final section of this report will try to incorporate an estimate of all the benefits.
Work Capacity and Work Output
One measure of the effect of anemia on work capacity is what it does to a person's maximum oxygen uptake (Astrand and Rodahl 1977) . This is an assessment of the largest amount of oxygen that a person can take in during exercise and is a good indicator of fitness. Studies have found that increasing Hb concentrations through iron supplements is associated with an increase in oxygen uptake and lower heart rates (Davies and Van Haaren 1973; Gardner and others 1975) .
A person's capacity for work and his actual output may differ for several reasons. First, work capacity sets a limit on the maximum amount of work than can be performed. The types of jobs that draw upon maximal aerobic capacities are those that are highly physical, requiring continuous exertion and stamina. These jobs include much of the work in agriculture, labor-intensive manufacturing, infrastructure industries such as construction and mining, and various services such as loading and unloading vehicles, transport by foot or foot-driven vehicles, and cleaning. They also include many household tasks such as cutting and carrying firewood, drawing water, and handgrinding grain. These jobs cover a high proportion of work in developing countries.
Second, work output depends not only upon work capacity, but also on a person's intelligence, skills, motivation, size, strength, and stature. Other factors include the availability of work, access to tools and equipment, incentives to work, and supervision. Finally, the weather influences the amount of outdoor work that is achievable (Popkin 1978) .
Even given these differences, research has shown a close relationship between Hb-related measures of work capacity and work output. For example, Davies (1973) studied the relation of maximum oxygen uptake (VO 2 max) to both productivity and absenteeism among seventy-eight cane cutters age eighteen to fifty in Tanzania. Their daily output was positively related to VO, max, and their involuntary absences from work were negatively related, both at significant statistical levels. There have been eight studies of work output in relation to Hb levels or changes in Hb levels (Basta and Churchill 1974; Basta and others 1979; Edgerton and others 1979; Gardner and others 1977; Karyardi and Basta 1973; Ohira and others 1981; Popkin 1978; and Viteri and Torun 1974) . Although they refer to different countries and measures of work output, the results are remarkably consistent. The elasticity of work output with respect to rises in Hb is between 1 and 2: that is, a rise in Hb of 10 percent is associated with a rise in work output of between 10 and 20 percent (Levin 1985) .
Cognition and Schooling
Several studies have established that anemia affects a person's learning ability. Work by Pollitt and others (1982) with three-to six-yearolds, as well as the findings of Lozoff and others (1982a) and Oski and Honig (1978) and Oski (1979) have led to the conclusion that iron deficiency ". . . has adverse effects on cognition, and that these are reversible following iron repletion. The effects are mild and most probably located at the level of information reception" (Pollitt and others 1982) .
More recently, Popkin and Lim-Ybanez (1982) have published an extensive analysis of the relation between nutrition and school achievement for 182 children, age twelve to fourteen, in three rural and three urban schools in the Philippines. It found a significant positive relation between Hb and the language test score, with no statistically significant relation between Hb and science or mathematics scores. Hb levels seemed to have no relation to pupils' ability to concentrate or to participation in extracurricular activities. However, they showed a significant, but slight, negative relation to the number of days absent. Although it appears that learning and school success are related to Hb, the evidence is not as strong as that relating Hb to work capacity and work output.
Other Potential Benefits
Summaries of the effects of severe anemia during pregnancy have established a connection with increased risk of both maternal and fetal mortality and morbidity (INACG 1977) . Even mild anemia has been associated with premature delivery and low birthweight (INACG 1977; Baker and DeMaeyer 1979) . There is also some evidence that iron deficiency is associated with lower weight gains among infants and children (Baker and DeMaeyer 1979; Burman 1982; Oski 1979) . Many researchers suspect that anemia may increase a person's susceptibility to infection, although the evidence is not straightforward (Baker and DeMaeyer 1979; INACG 1977; Nutrition Reviews 1975) ; indeed, there is some support for the view that iron deficiency is a defense against certain types of infections and is a factor reducing the probability of heart disease (Callender 1982) . Symptoms commonly associated with anemia are fatigue, headaches, weakness, lightheadedness, and irritability. These are difficult to define and measure, however, and various studies have found no evidence between the extent of them and the severity of anemia (Leibel and others 1979) .
Costs of
A straightforward way of estimating the costs of antianemia proInterventions grams is to specify the ingredients needed (Levin 1983) . The costs of buying and applying these ingredients will vary from program to program. However, there has been little systematic collection and analysis of cost data in antianemia programs. Studies of other programs can be used as a guideline for evaluating costs, particularly immunization programs (Creese and others 1982) or antihelminth drug programs (Stephenson and others 1983) . In the case of iron fortification programs, there seems to be some direct evidence on costs (Cook and Reusser 1983) .
Required Ingredients
A supplementation program would require the following basic ingredients:
* Personnel. The main responsibilities at the site level are the distribution of iron supplements, record keeping, and health education. In a small village these responsibilities might be undertaken by a full-time community health worker. A larger program might involve supervisors, community health workers, and clerical and warehouse staff. However, a big program might be considerably cheaper per client served because of economies of scale. * Medicinal supplements. These include iron compounds, folic acid, and absorbency enhancers such as ascorbic acid. * Transport. This can vary from public transport and bicycles in urban areas, to motorbikes or motorcycles in outlying areas with reasonable roads, to four-wheel vehicles or even animal transport in remote areas. Equipment, maintenance, and fuel must be taken into account. * Facilities. At the village level, facilities need be no more than a small office and storeroom. The iron compounds and other supplements do not normally require refrigeration or other special treatment, except perhaps in conditions of extreme heat and humidity. In urban areas, the program could be incorporated into a larger health center.
Cultural and dietary differences may affect people's receptiveness to different forms of supplementation, and hence the character and cost of a program. If a health or nutritional service already exists, few additional resources may be needed to mount an antianemia program. The costs of adding iron compounds to an existing fortification program may also be much lower than those of developing a special program for iron fortification.
The cost of ingredients may also vary widely between countries. And the relative scarcity of different types of labor will affect a program's costs. Creese and others (1982) found that the daily salaries of capable vaccinators in Indonesia and Thailand in 1979 differed by more than 250 percent.
The costs of servicing a given population will depend upon the efficiency of a supplementation unit or fortification program, as well as on its ability to reach the target populations. Organizational efficiency is beyond the scope of this article. However, one major determinant of productivity-the number of clients that a program can efficiently serve-is closely tied to the size and density of a geographical area as well as its transport facilities.
Costs of Fortification
Iron fortification is considered the best way of reducing anemia because it requires little effort by the target group and is cheap. The only costs beyond those of the food that would normally be eaten are those of the fortifying nutrients and stabilizers; of mixing them into the food; and of any special packaging or distribution.
Sugar and salt are the best foodstuffs for fortification (Working Group on Fortification of Salt with Iron 1982; Layrisse and others 1976; Sayers and others 1974; and Derman and others 1977) , so this section uses them as examples. In particular, it looks at the report of the Working Group on Fortification of Salt with Iron (1982) , which dealt with field trials over twelve to eighteen months at three rural sites and an urban one in India, each covering 4,000 to 6,000 people. Fortification consisted of adding 3.5 g of ferric orthophosphate to each kilogram of common salt. This was estimated to provide an extra 10-15 mg of iron a day for adults. Statistically significant increases in Hb occurred in the three sites for which valid data were obtained (the evaluation at one site encountered operational difficulties). The strongest effects were in Calcutta, where Hb increased by about 3 g/dl compared with little or no change in control groups. Increases in Hb were smaller at other sites: roughly 0.8 g/dl in Hyderabad and about 0.5 g/dl in Madras, with important differences by sex and age. As shown in Annex Table 2 , anemia was much more severe in Calcutta, which almost certainly explains the substantially greater Hb response to fortification. The fortification effort added about 20 percent to the cost of the salt (Working Group on Fortification of Salt with Iron 1982) or an estimated $0.07 a year per person (Cook and Reusser 1983) .
The use of sugar in fortification was examined in detail in field trials in Guatemala (Viteri and others 1981) . Two communities in the highlands and one in the lowlands received fortified sugar over a thirty-one month period. Sugar was fortified at a ratio of 1.3 mg of iron per gram of sugar. Mean daily consumption of sugar was 40 g, so that the daily iron intake from the fortification was more than 5 mg. The incidence of anemia was reduced substantially in all of the communities receiving fortification, in contrast with the control groups. According to Cook and Reusser (1983) , the extra iron added 1-2 percent to the cost of sugar-about $0.10 a year per person.
Some costs of a fortification program-processing and distribution-have not been calculated with any precision. As a rough estimate, however, they do not increase the costs of delivering sufficient iron by more than $0.10-0.20 a year per person. Thus the total costs, in 1980 dollars, are between $0.20 and $0.30 a year per person. From data provided by Derman and others (1977) , Levin (1985) estimated the cost of adding ascorbic acid to cane sugar at about $0.60 a year per person in 1980 dollars.
Costs of Supplementation
Developing a delivery system exclusively for iron supplementation would be costly and wasteful, since supplementation is essentially a short-term exercise. Its costs should therefore be calculated as the marginal costs of a program organized through an existing health care system. These costs can be estimated using two different assumptions. One, that a delivery system exists, so only the supplements are an extra cost. Two, that supplementation has to carry one-fourth of the overall costs of the delivery system, as well as all the costs of the supplements themselves.
The strict marginal cost assumption is often realistic: in both the workplace and the community, delivery mechanisms often exist. For example, meals are sometimes provided to workers in both factories and farms. A typical program would provide 100-200 mg of ferrous sulphate a day for two to three months. Such a supplement would be expected to increase Hb between 20 and 50 percent, depending upon the initial Hb, the specific populations, the existence of parasites, and so on. In 1981 the cost to UNICEF of 1,000 tablets of 60 mg of iron sulphate with 0.5 mg of folate was about $1.00 (DeMaeyer 1981) or about $1.10 a year for 180 mg a day. The U.S. government depot from which the U.S. Public Health Service obtains pharmaceuticals was charging $7.80 for 1,000 tablets of 500 mg of ascorbic acid in March 1984, or a cost of less than $3.00 a year for one tablet a day. Presumably, the cost would be somewhat lower for three tablets of 100 mg a day. Depending on what was chosen, therefore, supplementation with an existing delivery mechanism would cost about $1.10 a year per person for iron with folate to about $3.00 a year per person for iron with ascorbic acid.
The costs of developing a delivery system for antianemia programs and other purposes can be illustrated with the examples of Indonesia, Kenya, and Mexico. The delivery system could be built around a community or village-based health care approach (Djukanovic and Mach 1975; Hetzel 1978; PAHO 1973; WHO 1979) . Such a system makes heavy use of local resources, as well as of health auxiliaries or community health workers. Health auxiliaries are people who have completed all or most of primary school and are literate in basic reading, writing, and computational skills. They typically come from the local community, so will relate well to the populations they serve. They can deliver nutritional supplements and provide information and advice on their use. They are also able to offer inoculations and other health services. They are given short training programs and then have only occasional contact with more highly trained staff or administrators.
Our basic model assumes that a health auxiliary can serve a large village of 1,000 inhabitants or several smaller ones with a combined population of 1,000. Creese and others (1982) reported that the daily wages in 1979 of midwives and sanitarians in Indonesia, the Philippines, and Thailand varied from $2.24 for a vaccinator in Indonesia (or $560 a year for 250 days) to $5.90 for a midwife in Thailand (about $1,500 a year). We will assume that the higher figure is necessary to obtain the skills and experience required. For Indonesia, the cost of an inoculator for 250 days was less than $600 a year according to Creese's figures; for Kenya, according to Stephenson and others (1983) , community field workers were used to provide antihelminth medic-ations to children at a cost of $2.50 a day, about $625 for a 250-day year. In order to provide a generous estimate of personnel costs, our calculations assume a cost of $1,500 a year per health auxiliary. Procedures for estimating the costs of facilities, transportation, and supplies are found in Levin (1985) . Table 1 estimates the annual cost, in 1980, of delivering supplements to reduce anemia. Personnel costs and supplies are similar in all three cases, but different assumptions are made on facilities and transportation costs. The total cost per year is about $3,200 for the low case, $5,800 for the medium case, and $8,300 for the high case. These costs are divided by four to obtain the average costs for the anemia program alone, and then by 1,000 to obtain the per capita costs. Clearly, the estimates would be lower if this delivery service could cover more clients-as in urban areas-and higher if the population is too dispersed to be able to serve 1,000 people by this method. Population density has been a major factor in the costs of immunization programs (Creese and others 1982) .
The per capita costs of service delivery are less than $1.00 for the low assumptions, about $1.50 for the medium assumptions, and just over $2.00 for the high assumptions. To these must be added the medicinal supplements, resulting in costs of almost $2.00 a person 
Higher Energy Needs
One additional element of cost is the higher energy needs of a less anemic workforce. People engaged in strenuous activities obviously need more energy than those with inactive lives. Any increases in work output would require an increase in energy to sustain them over the long term (Viteri and others 1971) . Several studies have attempted to ascertain when the cost of a higher caloric input for workers is justified by the value of the higher agricultural output, as well as the implications for rural labor markets (Immink and Viteri 1981a, 1981b; Leibenstein 1958; Mirralees 1976; Stiglitz 1976) . Although some studies do show how energy requirements vary between different kinds of work, our data refer to higher levels of output for the same amount of work. Energy needs depend also upon climate, the weight of the individual workers, and so on. Thus, it is hard to generalize about the relation between output and energy needs. However, Levin (1985) estimated that a 10 percent increase in output will add 160 calories to the daily energy requirement per worker.
To provide an approximate cost for additional energy intake, we will use a major food staple as an example. According to Watt and Merrill (1963) , uncooked rice and cornmeal both have a caloric content of about 3.65 calories per gram. The unsubsidized price (reflecting the full cost) of rice in Indonesia in 1980 was about SO.34 per kilogram (Mears 1981) , a daily cost of about $0.0093 for an amount that would be expected to provide about 100 more calories. Cornmeal was in the same price and caloric range in Mexico. For 200 days of work a year, the additional cost of 100 calories a day would be about $1.86, and for 300 days it would be $2.79. This means that for a daily increase of 400 calories-the amount associated with a 25 percent increase in work output-the annual cost for 200 days of work would be almost $7.50. These, of course, are costs per worker, not per capita. They must be divided among the entire population to make them consistent with the other cost estimates. Further, some of the additional energy needed to raise the output of a particular worker may be offset by the lower requirements of workers who are displaced. Both of these adjustments will be discussed later.
Labor markets in developing countries consist mainly of agriculturCalculating al workers. In 1979 some 71 percent of the labor force in low-income
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Henry M. Levin countries (as defined by the World Bank) was in agriculture, and 43 percent in middle-income countries (World Bank 1981) . In the lowincome countries, roughly equal proportions-14-15 percent-were engaged in manufacturing and services. In the middle-income countries, the proportion in manufacturing was 23 percent, and in services 34 percent. Most of these countries had high unemployment. They also had many localized labor markets, each characterized by different wages according to the region of the country, urban-rural distinctions, seasonal factors, and industry composition.
The nature of these labor markets has important implications for estimating the benefits of higher work output. For example, productivity and wages differ substantially both within and among societies, so extra output cannot be given a single value. In addition, the existence of surplus labor may mean that some of the additional output of the employed labor force will be translated into a need for fewer workers.
Keeping these factors in mind, we can identify several steps for estimating the benefits of anemia reduction. First, stipulate the probable effect of specific programs on Hb and their likely impact on output. Second, estimate the pecuniary value of the extra output. Third, adjust the value of additional output per person for the number of people who are not in the productive labor force but are benefiting from the antianemia program. Finally, estimate the value of non-labor-market benefits, such as lower morbidity, improved physical stature and learning, and reduced mortality.
Effects of Programs on Hb
Based on data summarized in Levin (1985) , we assume that antianemia fortification programs raise Hb levels by a minimum of 5 percent, a maximum of 20 percent, and a probable norm of 10 percent. As for iron supplementation, we will use 10 percent and 50 percent as the low and high estimates of the incremental change in Hb, and 25 percent as the most likely value.
Effects of Changes in Hb on Output
On the basis of the previous analysis, we will assume that the elasticity of Hb changes on output will be between 1 and 2, with the most likely value being 1.5. That means that for every increase of 1 percent in Hb, there will be an expected increase in output of between 1 and 2 percent, with the most likely increase being 1.5 percent. Applying these assumptions, Table 2 shows the estimated increase in output for arduous physical occupations. The effects can be dramatic. An increase in an individual's Hb of 20 percent and an elasticity of 1.5 would suggest a rise in his output of more than 30 percent. Source: Levin (1985) .
Pecuniary Value of Work Output
Factors determining the value of work include the organization of work, capital intensity, technology, economic structure, and the overall level of economic development. In a perfectly competitive market economy that meets all of the textbook assumptions, the equilibrium wage is assumed to approximate the value of worker productivity at the margin.
However, labor markets in developing countries do not approach this model. In farming, for example, much of the output comes from small holdings with no hired labor. Where labor is hired-on the large plantations and estates-labor markets are dominated by a few employers, at most. Traditional attachments to villages and poor transport reduce labor mobility, and inadequate access to capital markets limits capital mobility. With a rapidly growing population and labor supply, there is a labor surplus even at subsistence wages. Now consider the social value of additional output. For the selfcontained traditional farm, extra output can increase home consumption. But if family members are underemployed, their increased productive capability may not be fully realized, especially during the seasonal lulls in agricultural activity. In that case, the extra output of less anemic workers may serve only to displace other workers who would have had more employment. Of course, during periods of high employment (such as planting and harvesting), the extra capabilities of workers-hired and family-can be put to full use. The social value of additional output of a particular worker over a year is therefore likely to be greater than zero, but less than his or her average productivity (Gittinger 1982; McDiarmid 1977) .
On the basis of evidence and analysis in Levin (1985) , we assume that the social benefit of additional output will be equal to half of the increase in the annual earnings associated with greater productivity. This value is based upon two assumptions: the marginal value is 50 percent higher than the monopsony wage, and the social opportunity cost of the marginal worker is one-third of his or her productivity.
A study by Gillian Hart (cited in World Bank 1983) of a Javanese village in 1975-76 found that men had annual earnings of about $161 and women $58. Assuming eight-hour days, approximately 200 days of work a year, and a weighted wage, annual earnings were about $118. Halving that to obtain the social value of output brings the figure down to $59. Adjusting it on a per capita basis requires taking account of nonearners as well as earners. We will assume that productive work is done by people age fifteen to sixty-four, who compose about 55 percent of the population in low-and middle-income countries. Therefore, the per capita value of social output at the margin is about $32.50 a year.
This estimate can be combined with the impact of antianemia programs on output shown in Table 2 . For example, an increase in Hb of 10 percent, combined with an output elasticity of 1.5 and a social output of $32.50 yields an increased output per capita of about $4.88. For supplementation we can take the intermediate value of 25 percent for the change in Hb, an elasticity of 1.5, and hence an increase in output of 37.5 percent. Multiplying this by $32.50 yields an increased output per capita of about $12.19. These estimates, it should be noted, tend to be conservative, because they assume the relatively low agricultural wage as a benchmark and also that only people age fifteen to sixty-four are doing productive work.
Adjusting for Other Benefits
Apart from immediate increases in output, antianemia programs produce several long-term benefits: lower morbidity and mortality, greater physical stature, higher productivity outside of the workplace, improved quality of leisure time, greater learning and faster school advancement, and improved feelings of well being. Especially important is the additional work output in the household and in peasant agriculture, which is not accounted for by the value of additional output in labor markets. However, the value of these other benefits is extremely difficult to estimate. The best parallel is to consider what these types of benefits might mean in the field of education. The usual approach to estimating the economic value of additional education is to work out the extra earnings associated with an extra year of schooling. In a comprehensive article, Haveman and Wolfe (1984) estimated the nonmarket effects of education on economic well being. These include improving the well-being of children through home activities, improvements in health, and some seventeen other catego-ries of benefits not tied to market productivity and wages. They concluded that the standard estimates of the benefits of an extra year of schooling ". . . may capture only about one half of the total value" (p. 401).
If this finding were also true of programs that provide a major improvement in health, the overall marginal social benefit of anemia reduction would be twice the value of the additional output alone. We assume a more modest effect in which total benefits are 1.5 times the value of additional work in the labor market. This would raise the social benefits of our fortification example from $4.88 to $7.32 and for supplementation from $12.19 to $18.29.
In these three case studies, all cost data are for 1980. Benefit data Table 3 goes through all the calculations described earlier in this article.
Benefit-Cost
The expected social benefits attributable to fortification and supplementation can be compared directly with the costs of the programs. These costs, set out in Table 4 , are based on the cost data and methodologies already described in this article. To be consistent with the assumption that only one-third of the extra output of the marginal Note: Hb/work output elasticity is assumed to be 1.5. Benefits per capita adjusted upward by 55 percent to account for benefits attributable to factors other than market output.
Souirce: Levin (1985) . Source: Levin (1985) .
agricultural worker contributes to social output (because it is assumed that the other two-thirds simply displaces the output of other capable workers, whose unemployment rises), we must also assume that twothirds of the extra energy input of a more productive worker is offset by a decline in the energy requirements of displaced workers. Thus, the social costs of extra energy needs are based upon taking one-third of the estimated cost of the additional energy requirements associated with an increase in output. This provides an estimate of the social cost per worker of additional energy inputs. This cost must be adjusted to a per capita measure by multiplying it by 0.55, as discussed in the previous section. Thus, the annual social cost per capita of the additional energy in a fortification program that increases Hb by 10 percent with a work elasticity of 1.5 is estimated to be $0.82. For a supplementation program that increases Hb by 25 percent with a work elasticity of 1.5, the annual social cost per capita of the additional energy requirement is S2.06. Note: Low benefits and costs assume a change in Hb of 5 percent and a work output elasticity of 1; medium benefits and costs assume a change in Hb of 10 percent and a work output elasticity of 1.5; and high benefits and costs assume a change in Hb of 20 percent and a work output elasticity of 2.
a. Includes energy requirements. Source: Levin (1985) .
the benefits of iron fortification exceed costs by a wide margin. The medium values represent our "best" estimate of the appropriate benefit-cost ratios. These range from 7 in Indonesia to 42 in Kenya and 70 in Mexico. Even assuming a rise in Hb of only 5 percent and a work elasticity of 1 for the country with the lowest agricultural earnings, Indonesia, the benefit-cost ratio is 5. Although Table 5 does not show estimates for ascorbic acid, they can be calculated from the same information and are also high. Under no set of conditions in the table would they be less than about 3; under the medium set of conditions they would range from 5 for Indonesia to 30 for Kenya and 50 for Mexico. Benefit-cost ratios remain high even when a high annual estimate of $0.30 per capita is used for fortification, considerably above the $0.07-0.10 cost reported in fortification studies. The benefit-cost ratio would be higher if we assumed a 35 percent increase in Hb, as in the Calcutta sample of the Indian salt study. As for supplementation, benefit-cost ratios are also attractively high. On all assumptions, they exceed 1 by a good margin, and range from 6 to 58 for the medium case. Including the costs of service delivery, the benefit-cost ratios in the medium range run from 4 to 38. Only in the low case for Indonesia does the ratio fall significantly, to Note: Low benefits and costs assume a change in Hb of 10 percent and a work output elasticity of 1; medium benefits and costs assume a change in Hb of 25 percent and a work output elasticity of 1.5; and high benefits and costs assume a change in Hb of 50 percent and a vork output elasticity of 2.
a. Includes energy requirements. Source: Levin (1985) . just 1.6 (and 1.3 when the high case for service delivery is used). However, the Indonesian ratio is probably understated because of the high value assumed for the community health worker and the fact that earnings for Indonesia are taken from a 1975-76 study. Agricultural wages were probably somewhat higher in 1980, on the basis of productivity increases over that period (World Bank 1983) . One cost that might be understated is that of health staff in the Mexican case. Accordingly, one test of the robustness of the results would be to assume that the annual cost of the community health auxiliary was $4,500 rather than $1,500, a rise of $3.00 a person for the population base of 1,000. Even with this higher cost, the benefitcost ratio would remain substantial, between 8 and 43.
Policy
Under a wide variety of assumptions, most of them conservative, Implications the benefit-cost ratios of both fortification and supplementation ex-ceed unity by a considerable margin. Accordingly, we conclude that programs to reduce anemia represent highly productive investments in developing countries. It is important to emphasize that fortification and supplementation should be viewed more as complements than substitutes. It is also noteworthy that the benefit-cost ratios of supplementation are so high that even sub-optimal consumption of the supplements is likely to be associated with high returns to investment.
Several issues ought to be emphasized in the interpretation and use of these findings. First, there may be other alternatives for reducing anemia. This article has ignored programs for reducing anemia associated with blood loss from parasites such as hookworm and schistosomiasis. Stephenson and others (1983) have shown that, at least for children, the cost of controlling roundworms was modest in a fouryear program in Kenya. To the extent that parasites are a significant cause of anemia, antihelminth projects should be evaluated for their cost-effectiveness in improving Hb.
Second, this article did not consider the fact that some people may be hypersusceptible to iron toxicity, so that some screening may be necessary (Omenn 1982) . Third, the financing of antianemia programs will probably require government sponsorship. Although the benefitcost ratios may be high for society and even for individuals, the beneficiaries may be reluctant or unable to pay for them from incomes that are at the survival level. Programs will have a solid financial base only if they are publicly financed. Finally, the estimation of benefits and costs in this report assumes that policy decisions can be based on incomplete data, as long as the data are substantial and provide strong and consistent findings. However, in any particular case it is still highly desirable either to carry out field trials to establish more precise estimates on costs and benefits (WHO 1975) 
